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Background: Although rabbits are becoming popular as pets, data about the
characteristics of allergic sensitization to rabbit allergens in patients without
professional exposure are scarce.
Aims of the study: To determine the characteristics of allergic sensitization to pet
rabbits, and the role of direct and indirect exposure to rabbits and rabbit allergens in
non-professionally exposed patients.
Methods: From among 1124 consecutive outpatients, we selected all subjects with
an immediate skin reaction to rabbit dander. A clinical history including a careful
evaluation of the modality of rabbit exposure, the results of skin-prick tests (SPTs)
and total/specific IgE antibodies were recorded. The prevalence of rabbit ownership
in the Naples area was also calculated.
Results: Among 753 SPT-positive patients, 20 (2.65%) were sensitized to rabbit
dander (5 patients were mono-sensitized). Fifteen patients reported direct rabbit
contact (7 were rabbit owners and 8 had occasional contact outside the home); 3
patients had indirect exposure through contact with rabbit owners and 2 patients
denied any direct or indirect exposure. Rabbit mono-sensitized owners of pet rabbits
had persistent (moderate-severe) symptoms. The prevalence of rabbit ownership is
1.56%.
Conclusions: In susceptible not professionally exposed individuals, direct rabbit
contact and, in some cases, indirect or no apparent exposure, may induce allergic
sensitization to rabbit allergens. A progressive increase in rabbit sensitization (alsoElsevier Ltd. All rights reserved.
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G. Liccardi et al.334by indirect exposure) may be expected as a consequence of the increase in rabbit
ownership.
& 2006 Elsevier Ltd. All rights reserved.Introduction
Exposure to rabbit allergens is a frequent occupa-
tional hazard for people who are in regular contact
with these animals in the laboratory and in other
professional settings.1,2 Although rabbits (Orycto-
lagus cuniculus) are becoming popular as pets in
Italy and elsewhere, there are very few reports of
allergic sensitization to rabbit-derived allergens
because of domestic exposure.3–5
We recently reported a case of severe respiratory
allergy induced by indirect exposure to rabbit
allergens through the clothes of a rabbit owner.6
This modality of allergic sensitization is very
frequent in patients sensitized to cat and dog
allergens who do not have animals at home.7–9
Differently, no study has evaluated the role of
direct or indirect exposure to rabbit allergens in
developing allergic sensitization to these allergens.
The aim of this report was to investigate the
characteristics of allergic sensitization to rabbit
allergens in patients without professional exposure,
and the potential modality of exposure.Methods
Patients
We examined 1124 subjects ranging in age between
2 and 76 years (mean age 28.8; 544 males and 580
females) living in the Naples area. Of these
subjects who were consecutively evaluated in our
Allergy Service from 1 October 2003 to 31 October
2004 for respiratory symptoms of a suspected IgE-
mediated aetiology, we selected all patients show-
ing an immediate skin reaction to rabbit dander. An
internal case report form (CRF) specifically de-exposure in rabbit-sensitiz
pets in the home for at lea
thout pets at home but on
denied any direct exposu
pet owners
ied any apparent direct or
ecause of the well-known ‘‘ubsigned for this study was completed by the
allergists during the screening consultation in all
patients. Our CRF contained all informations about
each patient such as: age, family history of allergy,
characteristics of domestic environment, previous
and current anamnestic data, type and age of onset
of clinical symptoms, periods of symptoms and
possible exposure to a rabbit, cat or dog, the
results of skin-prick test (SPT) and previous/current
pharmacological treatments. Since the absence of
a pet at home does not exclude direct exposure to a
pet outside the home,10 we classified cat, dog and
rabbit contact in our rabbit-sensitized patients into
four categories (Table 1). Nasal and bronchial
symptoms were classified according to interna-
tional guidelines.11,12Allergen extracts and skin-prick tests
The commercial allergen extracts used for screen-
ing SPTs were provided by ALK Abello Group, Milan
Italy. The routine panel of allergens was consti-
tuted by Dermatophagoides pteronyssinus, D.
farinae, Alternaria alternata, Cladosporium her-
barum, pet hair (cat, dog and rabbit), Parietaria,
grass mix, Artemisia vulgaris, Olea europaea,
Betula pendula, Cupressus sempervirens and Cor-
ylus avellana. These allergens were considered the
most frequent causative agents of respiratory
allergy in our geographical area. Positive (10mg/
ml histamine HCl) and negative (saline solution in
glycerine-phenol solution) controls were used to
verify a normal cutaneous response.
SPTs were carried out and interpreted according
to international guidelines13: the result was read
after 15min and expressed as the major diameter
of the wheal and its orthogonal. A skin reaction of
3mm or greater was considered positive.ed patients.
st 2 years
some occasions in close contact with pets outside the
re with pets but who can be indirectly exposed to pet
indirect exposure to rabbit /rabbit allergens
iquity’’ of their allergens.
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Allergy to rabbit without professional exposure 335Serum collection and evaluation of total and
specific IgE antibodies
Approximately 4ml of serum was collected from
each rabbit-dander sensitized patient and stored at
20 1C.
Total and specific IgE for rabbit allergens (dander,
urine, serum and meat), and all allergens that
induced SPT positivity were determined by the
Pharmacia CAP System FEIA (Pharmacia Diagnos-
tics, Uppsala, Sweden).
Statistical analysis
Statistical significance was evaluated by using the
paired t-test, mean values, and 95% confidence
interval of the differences on data normalized by
log conversion.
Prevalence of rabbit ownership in the Naples
area
The prevalence of rabbit ownership in the families
of Naples area was calculated by telephone inter-
views on a random sample of 1601 families by
simply asking whether they had or not a rabbit at
home. The area in which the prevalence of rabbit
ownership was calculated coincided with the area
where the enrolled patients live.Results
A total of 753 patients had positive SPT for at least
one allergen; 371 individuals were not sensitized.
Of the 753 sensitized subjects, 20 (2.65%) were
sensitized to rabbit dander. The main demographic
data and rabbit-related diagnostic results of the
latter subjects are listed in Table 2. Five subjects
were sensitized exclusively to rabbit allergens,
whereas 15 were sensitized also to other common
allergens. Fifteen subjects reported direct rabbit
contact (seven for rabbit ownership and eight for
occasional contact outside the home), three sub-
jects excluded any direct exposure to the animal
but had occasional contact with rabbit owners, and
finally two subjects denied any apparent direct or
indirect exposure to rabbit or rabbit allergens.
Eighteen of the 20 rabbit-sensitized patients
reported both nasal and bronchial symptoms, one
reported rhinitis without asthma and one asthma
without rhinitis. All five non-smoking rabbit mono-
sensitized patients had associated nasal and bron-
chial symptoms. One individual reported both
intermittent nasal and bronchial symptoms, four
patients persistent nasal (three moderate-severeand one mild) and bronchial (two moderate and
two severe) symptoms. In the three rabbit mono-
sensitized patients who had a rabbit at home, the
latent interval from first contact with this animal to
the development of respiratory symptoms ranged
between 3 and 5 months. Since 15 rabbit-sensitized
patients had cutaneous and serological responses to
such other allergens as those derived from mites,
pollens and cat/dog, we cannot quantify the role of
rabbit sensitization on patients’ symptoms. How-
ever, it is important to outline that in polysensi-
tized subjects, the role of allergic sensitization to
common pets such as cats and dogs in inducing
clinical symptoms may be difficult to establish.
Individuals with a rabbit at home and those with
occasional direct contact had more intense cuta-
neous and serological responses to rabbit allergens
than did indirectly or apparently not exposed
patients. However, as indicated in Table 3, there
are no significant differences between the results
of SPTs and specific IgE determinations in patients
with animal at home (Aah) and those with occa-
sional rabbit contact (Oc). With the exception of
specific IgE antibodies against Re 211(rabbit urine),
there are no significant differences between the
results of SPTs and specific IgE in patients with Oc/
Aah and those never in contact (Nc) with rabbits.
This finding is not surprising because only people
with rabbit at home may be exposed and, conse-
quently, sensitized to the urine of this animal.
Apart from one patient, all subjects without
direct contact with a rabbit had negative serologi-
cal responses to rabbit urine and serum. We found
specific IgE antibodies against rabbit meat only in
three out of 20 SPT-rabbit-positive patients. None
of these patients reported any adverse reaction
after the ingestion of rabbit meat.
The prevalence of rabbit ownership in the Naples
area is 1.56%. As monoclonal antibody-based
methods to measure the amount of rabbit allergen
in the dust of indoor environments are not avail-
able, we have no information on the levels of
exposure to this allergen.Discussion
The results of our study suggest that, in susceptible
individuals, rabbit contact (rabbit ownership or
occasional contact) is a risk factor for the devel-
opment of allergic sensitization to rabbit allergens.
However, some indirectly or apparently not ex-
posed individuals showed a moderate or low degree
of sensitization to rabbit allergens. The observation
that indirect exposure to rabbit allergens might be
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Table 2 Demographic data and diagnostic results in rabbit-sensitized patients.
Sex
(M/F)
Age
(y)
Family
history
of allergy
Contact with
pets
Clinical
symptoms
Diagnostic results
Dog Cat Rabbit Skin-prick tests Specific IgE
Rabbit dander (Rd)
(Wheal diameter)
Other
allergens
Allergen Ku/L/Class
F 18 No Ie Oc Oc R+C+A 7 4mm DP,DF,D, Re 206 o0.35/0
C,P,Gr, Re 211 o0.35/0
Av,Ol e 82 1.3/2
f 213 o0.35/0
F 36 No Ie Ie Ie R+C 8 5mm D,Ol Re 206 o0.35/0
Re 211 3.5/3
e 82 7.5/3
f 213 o0.35/0
M 23 Yes Aah Oc Oc R+C 5 5mm Av Re 206 o0.35/0
Re 211 o0.35/0
e 82 o0.35/0
f 213 o0.35/0
M 33 Yes Ie Ie Oc R+A 6 5mm P,Av,C Re 206 o0.35/0
Re 211 2.0/2
e 82 2.4/2
f 213 0.35/0
F 35 No Ie Ie Aah R+A 8 5mm DP,DF,P Re 206 78.3/5
Re 211 88.2/5
e 82 4100/6
f 213 9.0/3
M 16 Yes Ie Ie Ie R+C 4 4mm DP,DF,P,D,C,Gr, Re 206 o0.35/0
Av,Ol Re 211 o0.35/0
e 82 0.65/1
f 213 0.35/0
F 62 Yes Aah Ie Ie A 4 4mm DP,DF,P,Gr,D,C Re 206 o0.35/0
Re 211 o0.35/0
e 82 o0.35/0
f 213 o0.35/0
M 40 Yes Ie Ie Oc R+A 8 6mm monosensitized n.a. Re 206 7.6/3
Re 211 24.3/4
e 82 34.2/4
f 213 3.7/3
F 46 Yes Ie Aah Oc R+A 6 4mm P,Av,Ol Re 206 o0.35/0
Re 211 5.3/3
e 82 8.2/3
f 213 o0.35/0
F 13 No Ie Ie Aah R 4 4mm DP,Df,C Re 206 o0.35/0
Re 211 1.1/2
e 82 !’3/2
f 213 0.7/1
M 30 Yes Oc Oc Oc R+A 4 5mm P,D,C Re 206 2.6/2
Re 211 1.0/2
e 82 0.6/1
f 213 0.4/1
M 42 Yes Ie Ie Aah R+A 6 6mm DP,DF,D,C,Al Re 206 o0.35/0
Re 211 7.2/3
e 82 9.8/3
f 213 o0.35/0
G. Liccardi et al.336
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Table 2 (continued )
Sex
(M/F)
Age
(y)
Family
history
of allergy
Contact with
pets
Clinical
symptoms
Diagnostic results
Dog Cat Rabbit Skin-prick tests Specific IgE
Rabbit dander (Rd)
(Wheal diameter)
Other
allergens
Allergen Ku/L/Class
F 38 Yes Ie Ie Oc R+A 5 4mm monosensitized n.a. Re 206 o0.35/0
Re 211 o0.35/0
e 82 o0.35/0
f 213 o0.35/0
F 33 Yes Ie Ie Nc R+C+A 5 5mm DP,DF,P,Gr,D,C Re 206 o0.35/0
Re 211 o0.35/0
e 82 1.4/2
f 213 o0.35/0
F 14 Yes Ie Ie Oc R+C+A 6 6mm P,Gr,Av Re 206 o0.35/0
Re 211 1.0/2
e 82 1.2/2
f 213 o0.35/0
F 20 No Ie Ie Nc R+C+A 5 5mm DP,DF,D,Ol Re 206 o0.35/0
Re 211 o0.35/0
e 82 o0.35/0
f 213 o0.35/0
F 10 No Ie Ie Aah R+A 9 7mm monosensitzed n.a. Re 206 0.8/2
Re 211 6.3/3
e 82 18.4/4
f 213 o0.35/0
F 15 No Ie Ie Aah R+A 10 11mm monosensitized n.a. Re 206 1.1/2
Re 211 1.7/2
e 82 301.4/6
f 213 o0.35/0
F 20 Yes Ic Aah Aah R+C 6 5mm DP,DF,P,Gr Re 206 0.8/2
Re 211 0.6/1
e 82 0.9/2
f 213 o0.35/0
M 49 No Ic Ic Aah R+A 8 6mm monosensitized n.a. Re 206 0.4/1
Re 211 4.9/3
e 82 8.1/3
f 213 o0.35/0
Aah, animal at home; Rd, rabbit dander; DP, Dermatoph.pter; Ie, indirect exposure; Re 206, rabbit serum; DF, Dermatoph.far.;
Oc, occasional contact; Re 211, rabbit urine; P, Parietaria; Nc, no contact; e 82, rabbit dander; Gr, Grasses; R, rhinitis; f 213,
rabbit meat; Av, Artemisia vulgaris; C, conjunctivitis; Ol, Olea europaea; A, bronchial asthma; D, Dog dander; n.a., not
applicable; C, Cat dander; Al, Alternaria.
Allergy to rabbit without professional exposure 337responsible for allergic sensitization confirmed our
earlier report on this topic.6
It is not easy to explain allergic sensitization to
rabbit allergens in the two patients (one of whom
showed also serological sensitization to rabbit
dander) who denied exposure to rabbit and rabbit
allergens. A possible reason could be cross-reactiv-
ity between rabbit allergens (recently identified as
members of the lipocalin super-family),14 andlipocalins of such other animal species as horse,
cow, dog, guinea pig, mouse, and cat.15–20
Respiratory symptoms were persistent and mod-
erate-severe in the three rabbit-mono-sensitized
individuals with rabbit at home of our study. This
finding is in agreement to Yarnell et al.21 who
studied 2484 children from 26 schools in Northern
Ireland using questionnaires (core ISAAC questions).
They found that the ownership of some small furry
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Table 3 Results of statistical analysis.
Rabbit contact Skin-prick tests Specific IgE
Rabbit dander Wheal
diameter (mm)
Rabbit Re 206
(Ku/L)
Rabbit Re 211
(Ku/L)
Rabit e 82
(Ku/L)
Oc
M 3.32 0.41 0.30 0.54
SD 0.30 1.21 1.51 1.60
Aah
M 3.74 0.14 1.43 2.54
SD 0.60 1.92 1.64 2.12
t ¼ 1.752 t ¼ 0.673 t ¼ 1.389 t ¼ 2.080
P40.05 P40.05 P40.05 P40.05
Oc+Aah
M 3.52 0.15 0.83 0.47
SD 0.50 1.55 1.63 2.06
NC
M 3.13 1.05 1.05 0.04
SD 0.38 0 0 1.28
T ¼ 1.562 t ¼ 1.272 t ¼ 2.537 t ¼ 1.524
P40.05 P40.05 Po0.05 P40.05
G. Liccardi et al.338animals (rabbits, guinea pigs or gerbils) as a
household pet was independently associated with
both severe wheeze and asthma or treated wheeze.
No such association was observed with the owner-
ship of other pets (cat and dog).
In conclusion, rabbit allergens represent an often
underestimated cause of allergic sensitization, and
in some cases, of clinical symptoms in susceptible
individuals also in the absence of professional
exposure. Although rabbit contact represents a
higher risk factor, also occasional direct and, less
frequently, indirect exposure may induce allergic
sensitization. The prevalent modality of direct
exposure for inducing sensitization is probably
due to the rather low rate of rabbit ownership
(1.56%) in our geographical area as compared with
cat/dog ownership. On the contrary, a large
proportion of patients sensitized to cat and/or
dog allergens are only indirectly exposed to these
pets. A progressive increase in rabbit sensitization
(also by indirect exposure) may be expected in the
future as a consequence of the increase in rabbits
as pets. At least in Italy some indirect indexes
suggest an increasing trend of rabbit ownership, in
fact commercial sources indicate an increasing
business in rabbit breeding as well as in production
of rabbit-related materials (food, accessories etc).
Finally, we suggest that SPTs and/or radio-allergo-
sorbent tests for rabbit allergens be performed in
all potentially susceptible individuals before the
introduction of a rabbit indoors also in the absenceof respiratory symptoms after previous occasional
rabbit contact.References
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